In this paper, Schrodinger equation is numerically applied through non-relativistic potential model for deriving Spectrum, radial wave functions at origin, decay constants, lepton and photon decay widths for radial and orbital excited conventional as well as hybrid charmonium mesons. These calculated results are found in agreement with others theoretical results and with the experimental observations.
I. Introduction
Investigation of charmonium system (conventional and hybrid) is very important objective of particle physics. In order to study a charmonium system, spectrum, radial wave function at origin, decay constant, leptonic and photon decay are considered as important characteristics. Charmonium system consisting of bound state charm quark-antiquark pair with ground state gluonic field can be well explained using quark model [1, 2] . In the quark model, J P C of quarkantiquark pair can be found by J = L ⊕ S, P = (−1) L+1 , and C = (−1) L+S . However, some exotic states which may be hybrid, glueballs or exotic are detected at Belle, LHC, CDF, and BESIII which remained unexplained by quark model. The charmonium system with excited state gluonic field are named as hybrid charmonium. According to literature, different models like Flux tube model [3] - [8] , the lattice QCD [9] - [20] , QCD string model [21] - [22] , the quark model with a constituent gluon [23] - [25] and the QCD sum rules [26] - [31] may be used to study such hybrids. In this paper, a modified non-relativistic potential model [32, 33, 34, 35] is used to find the numerical solution of Schrodinger equation for hybrid mesons using Born Openheimer formalism and adiabatic approximation. Parity and charge of hybrid meson is found by the P = ε(−1) L+Λ+1 and C = εη(−1) L+Λ+S [36] . In this formula, for the ground state gluonic field Λ = 0, while for the first excited state gluonic field, Λ = 1 and so on. Schrodinger equation is solved numerically in order to find spectrum, radial wave function at origin, decay constant, leptonic decay width, two photon and three photon decay width of radially excited S and P states of conventional and hybrid charmonium mesons. A comparison of the results for spectrum and decay characteristics of charmonium meson J P C states with the experimentally known quantities with the same J P C may help in identifying the charmonium mesons like X(3872).
In the section II of this paper, potential models are discussed to calculate radial wave functions for the ground and radially excited state cc conventional and hybrid mesons by numerical solution of the Schrödinger equation. The expressions used to find radial wave function at origin, decay constant, leptonic decay, two photon decay, and three photon decay of cc mesons are written in section III, while the results are discussed in section IV.
II. Methodolgy
Time independent Schrödinger equation, HΨ = EΨ, can be used to find the properties of system of quark-antiquark pair. The Hamiltonean H is the energy operator and E is the total energy of the system. Hamiltonian can be defined as:
where µ is the reduced mass of the quark-antiquark system and H v is the Potential energy part of the Hamiltonian.
Potential for Conventional cc mesons
For conventional charmonium mesons, Potential is modelled as [37] :
Here −4αs 3r describes coulomb like interaction while linear term br is due to linear confinement.
H cont ,, H s.o , and H tens describe the colour contact, spin orbit interactions, and colour tensor respectively. α s , b are the strong coupling constants and string tension while S T is the tensor operator defined as:
such that
Here, L is the relative orbital angular momentum of the quark-antiquark and S is the total spin angular momentum. Spin-ornit and colour tensor terms are equal to zero [38] for L = 0. m c is the constituent mass of charm quark.
The radial Schrödinger equation for charmonium meson can be written as:
Here U (r) = rR(r), product of interquark distance r and the radial wave function R(r). At small distance(r → 0),wave function becomes unstable due to very strong attractive potential. This problem is solved by applying smearing of position co-ordinates by using the method discussed in ref. [39] . The parameters (m c , α s , b, σ) are found by fitting the meson's mass with experimentally known mass, we got the following values. m c = 1.454GeV, α s = 0.5315, σ = 1.105GeV ,and b = 0.1583 GeV 2 . With these parameters, masses of S and P states are calculated which are very close to the predictions of other theoretical works as shown in Table  1 .
Potential Model for cc Hybrid Meson
The extended form of conventional meson potential model [32] is used to study the hybrid meson. In this extended model, an additional term ( c r + A × exp −Br 0.3723 ) is added in the conventional meson potential model. Values of parameters A = 3.4693GeV , B = 1.0110GeV , and c = 0.1745 are taken from our earlier fit [32] to the lattice data [36] of the parameters of the effective potential form corresponding to the first excited gluonic state. For hybrid mesons, radial Schrodinger equation is written as:
For the first gluonic excitation, the square of gluon angular momentum J 2 g = 2 and projection of gluon angular momentum Λ = 1 [36] making −2Λ 2 + J 2 g = 0. The above equation is solved by shooting method to find the spectrum of hybrid cc meson. Mass of hybrid mesons are reported in Table 2 .
Radial wave function at origin
For normalized wave function:
U ′ (0) is calculated to find the radial wave function at origin whose magnitudes for conventional and hybrid meson are reported in Table (3, 4) . For the states with L > 0, wave function becomes zero at the origin. However derivatives of radial wave functions are non-zero as reported in Table (5, 6) .
III. Decay Properties

Decay Constants
Decay constant is an important characteristic of mesons. Decay constants (f p ) of pseudo scalar and pseudo vector mesons depend on |R(0)| 2 . Following Van-Royen-Weisskopf formula [46] is used to find decay constants.
where M p is the mass of corresponding meson. To calculate decay constant, numerically calculated mass (in Table 1 and 2) is used. By incorporating the first order QCD correction factor, the decay constant can be written as: Meson Meson Table 5 : |R ′ (0)| 2 and decay constant of cc mesons .
where △ = 2 for 1 S 0 mesons and △ = 8/3 for 3 S 1 mesons. For P state charmonium mesons, decay constant depends on the derivative of radial wave function at origin. Following relations are used to find decay constants of χ 0 and χ 1 [47] 
Decay constants for conventional and hybrid mesons are reported in Tables(3-6 ). Our results are very close to experimental and theoretical results.
Leptonic Decay
Leptonic decay width of 3 S 1 state of charmonium meson with J P C = 1 −− can be calculated by the following relation defined in [46, 43] Γ ee (n 3 S 1 ) = 4α 2 e 2
Here, α = 1 137 , e c = 2 3 is the charge of c quark.
Two photon Decay
Two photon decay for S and P states is proportional to α 2 and can be calculated by using following expression [43, 46] :
Three photon Decay
The decays 3 S 1 → γγγ have very small rates proportional to α 3 . In ref. [48] , three photon decay is written as:
IV. Discussion and conclusion
The calculated masses reported in Tables (1, 2) show that hybrids are more massive than corresponding conventional meson. As evident from decay constants, |R(0)|2, |R(0)| 2 reported in Tables (3) (4) (5) (6) , radial wave function at origin and decay constants for S states decreases toward higher radial excitations, while |R ′ (0)| 2 and decay constants for P states increases toward higher radial excitations. It is also observed that decay constants for conventional meson are greater value as compared to the corresponding hybrid meson state. Results show that pseudo scalar cc mesons have higher values of |R(0)| 2 and f p as compare to vector mesons., Leptonic decay widths are reported for conventional and hybrid charmonium meson in Tables (7) (8) , while two photon and three photon decay widths for conventional and hybrid mesons are reported in Table ( [9] [10] . Results show that lepton and photon decay widths for hybrid mesons are more smaller than the conventional mesons. Calculated mass and radial wave function at origin and decay constants are in good agreement with theexperimental results [45] . Calculated lepton and photon decay widths are close to experimental findings. In some cases, these results are more closer to model calculated results as compared to the experimental results [45] . Table 6 : Radial wave function at origin and decay constant for P state of cc hybrid mesons.
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